A microorganism capable of producing high level of poly-3-hydoxybutyrate (PHB) from xylose was isolated from soil. The isolated strain J-65 was identified as Bacillus megaterium based on the morphological, biochemical and molecular biological characteristics. The optimum temperature and pH for the growth of B. megaterium J-65 were 37 o C and 8.0, respectively. The optimum medium composition for the cell growth was 2% xylose, 0.25% (NH4)2SO4, 0.3% Na2HPO4․12H2O, and 0.1% KH2PO4. The optimum condition for PHB accumulation was same to the optimum condition for cell growth. Copolymer of β-hydroxybutyric and β-hydroxyvaleric acid was produced when propionic acid was added to shake flasks containing 20 g/l of xylose. Fermenter culture was carried out to produce the high concentration of PHB. In batch culture, cell mass was 9.82 g/l and PHB content was 35% of dry cell weight. PHB produced by B. megaterium J-65 was identified as homopolymer of 3-hydoxybutyric acid by GC and NMR.
Introduction
Poly-3-hydroxybutyrate (PHB) is synthesized and accumulated by a number of bacteria as an energy and carbon storage molecule, under unfavorable growth conditions in the presence of excess carbon sources [14, 15] . Among the variety of currently known biodegradable polymers, PHB is considered to be a particularly attractive substitute for conventional petrochemical plastics, due to the fact that it evidences mechanical properties similar to those of a variety of thermoplastics and elastomers, as well as the fact that it is completely biodegradable in a number of environments [5, 7, 8, 18, 21, 25] . Although PHB has been recognized as a good candidate for a biodegradable plastic, its high price compared to conventional plastics has limited its use in a broad range of applications [13] .
In an effort to ameliorate the cost of PHB production, a great deal of effort has been devoted to the development of superior bacterial strains, as well as more efficient fermentation/recovery processes [12, 13] . One approach to reducing the cost of PHB production involves the use of less expensive carbon sources, for example, cane and beet molasses, cheese whey, plant oils, hydrolysates of starch (corn and tapioca), cellulose, and hemicellulose [3, 15, 27] . Agricultural waste materials, such as lignocellulose, are considered to be desirable as carbon sources for PHB production. Several techniques (e.g., chemical and enzymatic hydrolysis) have already been developed and new techniques are being pioneered to convert the hemicellulosic fraction of agricultural residue and wood wastes for fermentable sugars, including xylose (a major sugar component of hard woods), arabinose, glucose, and mannose [20] . Although xylose is one of the principal components of lignocellulose, few commercial products can currently be obtained from xylose. Pseudomonas cepacia [20, 29] , P. pseudoflava [3] , and recombinant E. coli harboring PHB biosynthesis genes from Ralstonia eutropha [14] have been shown to produce PHB from xylose, but the productivity of PHB in these cases was not as high as would be desirable [26] .
This report describes the isolation of a microorganism which rapidly generates PHB from xylose. The characteristics of cell growth and PHB accumulation in mineral salt media containing xylose were assessed in order to gain insight into the primary physiological characteristics of an isolated strain.
Materials and Methods
Isolation of soil bacteria for PHB production Bacteria were isolated from soil located in Geumjeong-gu For PHB production, each of the strains was assessed using fluorescence microscopy after staining with Nile blue A [2] and then the PHB production strain was finally selected using gas chromatography (GC).
Identification of an isolated strain
The taxonomic characteristics of the isolate were determined in accordance with Bergey's Manual of Systematic Bacteriology [6] . The bacterial 16S rRNA gene was amplified using the universal primer set, 27F (AGAGTTTGATCMTGG CTCAG) and 1492R (GGYTACCTTGTTACGACTT) (where M is A or C, Y is C or T), and the purified PCR products directly sequenced on an ABI 3730XL capillary DNA sequencer (Applied Biosystems, Foster City, CA) according to the manufacturer's instructions. The 16S rRNA gene sequence was blasted in the NCBI database, and the closest type strains determined. The partial 16S rRNA gene sequence has the GenBank accession no. EU109501.
Cultivation
The optimum growth condition of the isolated strain J-65 was determined in shake-flask cultures. Cells (10 ml) grown in YM broth for 18 hours at 37 o C were inoculated into 500 ml shake flasks containing 200 ml of the mineral salt medium, and the cells were grown for 24 hours at 37 o C and 200 rpm. In order to determine the optimum condition for PHB production, a two-stage culture technique was utilized [10] . The cells were initially grown for 24 hours in mineral salt medium without nutrient limitation, after which an essential nutrient, such as N, P, S, or Mg was deleted from the medium in order to facilitate efficient PHB synthesis. (v/v); culture pH was controlled to 7.0 by adding NaOH or HCl.
PHB purification
The biomass harvested by centrifugation from the culture broth was stored at 4 o C Cells containing PHB were treated with NaOH solution. Lyophilized biomass (100 mg) was mixed with 10 ml of chloroform for 1 hour at 40 o C Residual biomass was removed by filtration. Five volumes of cold methanol were added to the PHB solution. The precipitate was then pressed to remove methanol and dried for 2 days under ambient condition [11] .
Analyses
Xylose concentration was determined according to the method of Somogyi-Nelson [16, 22] . The ammonium concentration was quantified using a modified Berthelot reaction [23] . Dry cell weights was determined after drying to a constant weight at 105 o C after centrifuging 50 ml of culture broth for 10 min at 16,000× g, and washing once with deionized water.
The PHB and P (3HB-3HV) concentrations were determined according to Braunegg et al [4] using gas chromatography (Hewlett-Packard HP-5890A). The gas chromato- 
Results and Discussion
Screening of the strain and its PHB accumulation from xylose
The colonies were stained with Nile blue A, and the PHBcontaining cells emitted a bright orange fluorescence, which could be readily distinguished from the dark background.
The colonies harboring PHB granules were screened further by GC for measurements of PHB content. Among the iso-lated strains, J-65 was selected for further detailed study. Strain J-65 evidenced catalase, gelatin hydrolysis, and starch hydrolysis activity, and also utilized a broad range of carbohydrates. In particular, this strain grew well on xylose, arabinose, and glucose, the main products of hemicellulose.
According to Bergey's Manual of Systematic Bacteriology [6] , this strain was identified as a Bacillus species. Analysis of the partial nucleotide sequence of the 16S rRNA indicated that the bacterium was similar to Bacillus megaterium (99.9%).
Therefore, the strain was designated as B. megaterium J-65 (Fig. 1) .
Optimum conditions for cell growth
The optimum temperature and initial pH for the growth The optimum condition for PHB accumulation PHB synthesis is favored under certain unbalanced growth conditions, such as limitation of N, P, S, Mg and/or O2 [1] . Thus, a two-stage culture technique for the production of PHB was employed. When nutrient limitation was applied, the cell concentration and PHB content decreased compared to those observed in nutrient-rich condition (control).
In order to evaluate the effect of a major cultivation variable, the C/N molar ratio, on PHB accumulation, B. megaterium J-65 was cultured in mineral salt medium using various concentrations of (NH4)2SO4 ranging from 0 to 3.5 g/l, coupled with a fixed xylose concentration of 20 g/l (Fig. 2a) . In general, at high C/N molar ratios, the carbon source may be utilized principally for PHB accumulation due to the nitrogen limitation, whereas at a low C/N molar ratio, the carbon source may be utilized principally for cell growth, due to sufficient nitrogen availability [24] . However, this strain evidenced an increased final PHB concentration at a low C/N molar ratio. The above results show that B. megaterium J-65 is a growth-associated PHB producer. Some organisms, including a mutant strain of Azotobacter vinelandii [8, 17] , Pseudomonas olevorans [19] , and certain strains of Alcaligenes latus [28] , produced PHB in growth-related mode, regardless of nitrogen limitation conditions. The main advantage associated with growth-associated PHB producers are reduced fermentation time and easily regulated fermentation. These qualities contribute significantly to a reduction in cost.
Cultivation of B. megaterium J-65 under balancedgrowth condition
Cell growth was activated relatively rapidly from 4 h, and the stationary phase was achieved at the 21 hr of fermentation. The dry cell weight and PHB content, measured after 21 hours, were 9.82 g/l and 35%, respectively (Fig.  3) . This strain began to accumulate PHB during the early exponential growth phase, while a sufficient amount of (NH4)2SO4 remained in the medium. The result observed from the batch fermentation of B. megaterium J-65 using xylose as a carbon source indicates that PHB production occurred in a growth-related mode. At the stationary phase of cell growth, PHB production was also halted, even though the carbon source remained at a concentration of 10 g/l. After stationary phase, the PHB concentration decreased as the result of cell catabolism of PHB as a carbon source. For the efficient production of PHB by a growth-related PHB-producing strain, it will be crucial to develop a fed-batch culture strategy, considering the determined balance between cell growth and PHB synthesis.
P(HB-co-HV) biosynthesis of B. megaterium J-65
When propionic acid was added to flasks containing 20 g/l of xylose, the industrially more interesting P(HB-co-HV) copolymer was generated (Fig. 2b) . As the result of the increase in the propionic acid concentration, both cell growth and PHB production were inhibited due to propionate toxicity in the medium. Propionic acid was shown to inhibit the growth of R. eutropha at the concentration above 1 g/l in the fermentation broth [9] . Hence, the feeding of propionic acid must be controlled precisely in the fermentation process for copolymer synthesis.
Identification and characterization of polymer
The structure of PHB was characterized via 1 H nuclear magnetic resonance (NMR) analysis using a 300 MHz spectrometer in deuterochloroform. The purified PHB was found to be identical to the standard PHB (Fig. 4) 초록：Bacillus megaterium J-65에 의한 xylose로부터 poly-3-hydroxybutyrate 생산 
